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Specification 



1. Title of the Device: 

Laminated Plate-like Body 

2. Claim of Utility Model: 

A laminated plate-fike body having excellent shock-absorption, sound insulation, 
and thermal insulation properties, wherein the body comprises a fiber-incorporated 
gypsum layer as the core and cement layers laminated on both surface thereof, the 
cement layer containing glass fibers with the glass composition of: 

60 to 67 mol % of Si0 2l 

16 to 20 mo! % of R 2 0, 

12to16mol%ofZr0 2> 

2 to 5 mol % of P 2 0 5) 

1 to 4 mol % of B2O3, 

1 to 3 mol % of R'O, 

0.5 to 6 mol % of Sn02, and 

0.5 to 2 mol % of CaF 2 , 
wherein R represents Na or K and R' represents Ca, Mg, Ba, or Zn, respectively. 

3. Detailed Description of the Device: 

The present device relates to a fire-resistant board for outdoor structures or 
buildings, which comprises a laminated body comprising gypsum and cement and 
dispersing glass fibers to reinforce the body. 

Conventionally, cement and gypsum have histories as major fire-resistant 
materials. They are generally strong in compression but disadvantageously brittle and 
weak in stretch bending. In order to improve such characteristic, a method of 
polymer-mixing or a method of dispersing fibers is carried out. For these methods, 
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-fiber-reinforced inorganic materials such as asbestos/cement, wood wool/cement, 
asbestos/magnesium carbonate, asbestos/calcium silicate, and asbestos/gypsum are 
frequently used as building materials. In other words, asbestos is the most frequently 
used as reinforcing fibers. However, asbestos varies in terms of quality and relates to 
pollution problems. Further, there are fears of depletion of asbestos supply. Thus, a 
hopeful view has recently been taken on artificial fibers such as glass fibers and 
synthetic fibers. 

Glass fibers have a tensile strength of 200 to 350 kg/mm 2 as a general 
performance reinforces matrix of cement, gypsum, etc, and is useful to prevent crack 
propagation. For instance, when 3 to 1 0 % by weight of glass fibers is dispersed, the 
bending strength (180 to 300 kg/cm 2 ) can be obtained, which is equivalent to asbestos 
cement having 1 5 % or more of asbestos dispersed therein. However, even when a 
material has such high strength, it is natural that the shock-absorption thereof is small if 
its thickness is not sufficient. In addition, sound insulation and thermal insulation 
become reduced, and thus the material is usually used together with other materials on 
Ms application, or its application is carried out with a suitable thermal insulation space. 
Further, as the thickness is increased, shock-resistance, sound insulation, and thermal 
insulation performances can be enhanced. However, these materials are used as 
composite materials with cement having an inherently high specific gravity and are 
manufactured so as to have a high density for strength improvement. Therefore, the 
composites completely lose light panel characteristics and their applications are limited. 

In addition, when, as a material reinforcing cement, a common glass fiber, for 
example, a fiber of E glass is used and mixed with cement mortar, the reinforced glass 
fiber is eroded by the basicity of generated calcium hydroxide, particularly during a 
period of long-term use, resulting in disadvantages such as strength reduction and 
deteriorated performance of the material. 

On the other hand, synthetic fibers such as nylon, polypropylene, vinylon and 
polyester, have good hreaking strength and high ductility, and thus they exhibit high 



shock-resistance and breaking energy absorption properties when they are dispersed in 
a matrix of cement, gypsum, etc. However, they cannot improve absolute values of 
Young's modulus and stretch bending strength of a material. Therefore, glass fibers 
and synthetic fibers may be mixed to make use of high strength and Young's modulus 
of glass fibers and high ductility and elasticity of synthetic fibers, but the resultant 
product tends to be merely a compromised material. 

In the meanwhile, lightness is required as a structural material and foamed 
cement, foamed gypsum, etc. have been put into practice. They are 
disadvantageous^ brittle and easy to be collapsed, compared to ones made of the 
same materials with no bubble. For example, when they are compared with 
conventional asbestos slate and gypsum board, the bending strength significantly 
decreased to about 1/6 to 1/20 and thus it is almost impossible to use them as a single 
plate-like body. 

The creators of the present device have made researches on building materials 
that satisfy the above characteristics, and they have focused attention to breaking 
energy absorption, sound insulation, thermal insulation properties as well as 
shock-resistance of foamed fire-resistant light-weight body, and excellent strength 
property of glass fiber-reinforced cement. Further, they have found that glass with a 
specific composition has an excellent alkali resistance. They have made further 
researches to complete the present device. 

An object of the present device is to provide an inorganic plate-like body which 
has light-weight, shock resistance, good strengths for bending and stretch, and 
excellent sound and thermal insulation properties. 

Namely, the present device is a laminated plate-like body having excellent 
shock-absorption, sound insulation, and thermal insulation properties, wherein the body 
comprises a fiber-incorporated gypsum layer as the core and cement layers laminated 
on both surface thereof, the cement layer containing glass fibers with the glass 
composition of: 
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60 to 67 mol % of Si0 2 , 

16 to 20 mol % of R 2 0, : 

12 to 16moi% of Zr0 2) 

2 to 5 mo! % of P 2 0 5 , 

1 to 4 mol % of B 2 0 3 , 

1 to 3 mol % of R'O, 

0.5 to 6 mol % of Sn0 2l and 

0.5 to 2 mol % of CaF a , 
wherein R represents Na or K and R' represents Ca, Mg r Ba, or Zn, respectively. 

Gypsum described herein means, in addition to hemihydrate gypsum obtained by 
calcining and maturing natural gypsum, hemihydrate gypsum CaSOt-1/2H 2 0 obtained 
by calcining and maturing chemical gypsums such as phosphate gypsum, fluorinated 
gypsum, and flue gas desulfurization gypsum. In addition, other inorganic substances 
such as clay, diatomaceous earth, calcium carbonate, barium sulphate, magnesium 
sulphate, talc, sand, glass powder, balls, and Oyaishi powder can be mixed, which have 
performance as so-caJted packing material, to such degree as not to prevent the 
hydraulicity. 

As fibers to be dispersed and mixed in the above gypsum, fibers cut into a piece 
with 2 to 40 mm in size are used. Examples thereof include glass, polyester, 
polypropylene, and nylon, and these may be used either alone or in proper combination 
of one or more kinds thereof for dispersion. The mixing amount is about 0.5 to 15 % 
by weight. In general, the amount of 1 to 5 % by weight is suitable for improvement of 
tensile strength, bending strength, and shearing strength in consideration of easiness of 
even dispersion. However, a larger amount in the range of 5 to 1 5 % by weight is 
preferred for improving shock-strength and breaking energy absorption property, and 
further helpful for weight reduction. 

Further, to obtain porous gypsum, an air entraining agent such as lauryi sodium 
sulfate, which is generally well-known, is mixed for air bubble mixing. In addition, 
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foaming agents to cause chemical reaction, such as magnesium, aluminate powder, 
hydrogen peroxide and bleaching powder, calcium carbide, can be added, and the 
specific gravity thereof is approximately 0.3 to 0.6. 

In other words, weight reduction is accomplished by using the above foamed 
gypsum, and defects of a foamed body such as easy collapse, cracking, and depression 
are overcome by fibers dispersion. At the same time, sound and thermal insulation 
properties as well as shock-absorption property can be provided. 

in manufacturing foamed and fiber-reinforced gypsum, addition of an emulsion or 
an aqueous solution of a resin component selected from polyvinyl acetates, polyvinyl 
acetate/acrylic)s, acrylics, polyurethanes or polyethylene glycols, etc., may be much 
effective. In particular, according to the result of the experiments conducted by the 
present creators, a product obtained from the following composition was preferable: 

foaming agent hydrogen peroxide and bleaching powder 

reinforcing fibers about 1 % of glass fibers, 0.2 to 0.3 % of polyester 



Cement reinforced by glass fibers with a specific composition is to be laminated 
on a light weight foamed gypsum as a core. The cement has as a practical component 
a common hydraulic cement such as Portland cement, magnesia cement, and alumina 
cement, and usually Portland cement is used since it is most frequently used. In 
addition, glass fibers is dispersed and mixed in the cement. The glass fibers used 
herein is obtained from glass having a composition comprising 60 to 67 mol % of Si0 2 , 
12 to 16 mol % of Zr0 2 , 1 6 to 20 mol % of R 2 0, 2 to 5 mol % of P 2 0 s , 1 to 4 mol % of 
B 2 0 3 . 1 to 3 mol % of R'O, 0.5 to 6 mol % of Sn0 2 , and 0.5 to 2 mol % of CaF 2t wherein 
R represents Na or K and R* represents Ca, Mg, Ba, or Zn, respectively. 

In the glass composition, the presence of Zr0 2 improves alkali resistance, which 
has been already known. Conventionally, only about 10 % of Zr0 2 was mixed. In 



fibers 



resin component 



water soluble polyurethane 
gypsum and water. 



others 



contrast, the glass fibers used for the present device can contain 12 % or more of Zr0 2 
by combined use of P 2 O s and B 2 0 5l thereby improving alkali resistance. Further, P 2 0$ 
is bound to Ca in cement thereby to form a thin water-insolubie calcium phosphate film 
with excellent alkali resistance on a glass surface. Thus, a higher improvement in 
alkali resistance and adhesiveness can be accomplished. 

The dispersion amount of the glass fibers is varied depending upon 
manufacturing method, but the amount is 0.5 to 15 % by weight, preferably 3 to 1 0 % by 
weight, and more preferably 3.5 to 5 % by weight based on cement. If the density is 
enhanced by compression and suitable curing conditions are maintained, a building 
board with excellent strength is obtained. The thickness thereof is not particularly 
limited, but a board with a thickness of 2 to 1 0 mm is used. The board having a 
specific gravity of 1 .5 to 2.0 and strength properties such as bending stress of 200 to 
300 kg/cm 2 is obtained. 

When the fiber-dispersed and foamed light weight gypsum layer is used as a core 
and a glass fiber-reinforced cement layer is integrally laminated thereon, a commonly 
used paste such as starch, acrylic ester, and vinyl acetate pastes are applied on a 
surface of cured gypsum or may be used between the layers for crimping. A 
thermosetting resin such as unsaturated polyester and epoxy resin Is mixed with a 
curing catalyst, if necessary, and the mixture is applied and heated for curing, thereby 
resulting integral lamination. On one surface of the uncured fiber-reinforced gypsum 
core, gtass fibers dispersion cement slurry is arranged, and a proper pressure is applied 
to adjust the thickness, then resulting integral curing. Or fibers dispersed gypsum 
slurry is cast onto a glass dispersed cement curing plate, and the plate is turned over 
before curing. Then, a cement curing plate is place on the back surface thereof, 
thereby enabling integral lamination. 

As described above in detail, a laminated plate-like body of the present device is 
hereinafter explained by referring the figure. 
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Figure 1 is a partially cutaway perspective view wherein fibers dispersed foamed 
gypsum layer (1) is a core and cement layers with glass fibers dispersed and mixed are 
laminated on both sides of the layer (1 ). Although a boundary surface (3) can be 
formed with a smooth surface or uneven surface depending upon lamination means, the 
laminated layers are strongly fixed by any means. It should be noted that, with respect 
to the thickness ratio among these layers, the gypsum core layer preferably has a ratio 
of 25 to 75 % to the entire thickness. If the thickness ratio thereof is less than 25 %, 
thermal insulation or sound insulation properties cannot be obtained. Further, it is not 
preferable due to small weight reduction. In contrast, if the thickness ratio exceeds 
75 %, it is unfavorable that strength properties are deteriorated. It should be noted that 
the thicknesses of cement layers laminated on both sides may be the same or different, 
and depending upon its application, the thicknesses are varied, tn the above plate-like 
body, the light weight core and the outer layer plate with high density and strength are 
integrally laminated, though not shown in the figure, and thus the entire plate with a 
specific gravity of approximately 0.6 to 1 .2 can be freely obtained. The specific gravity 
is different depending upon the thicknesses of the core and outer layer plate. In view 
of the forgoing, the laminated plate-like body of the present device is light in weight 
compared with an asbestos slate plate with the same thickness, but has an excellent 
strength. Further, the laminated plate-like body has shock-absorption and sound 
insulation properties, and an excellent thermal insulation property derived from the 
containment of bubbles therein, and therefore it is highly valuable for industrial use for 
various building materials. 

4. Brief Description of Drawing: 

Figure 1 is a perspective view of a laminated plate-like body according to the 
present device, wherein the body comprises a foamed gypsum core (1) and glass 
fiber-incorporated cement layers (2) laminated on both sides thereof. 




Reference 1 
Fig. 1 

l: Fiber-reinforced Gypsum Core 
2: Fiber- mixed Cement Layer 

3: Boundary Surface between Gypsum Core and Cement Layer 
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Reference 1 
Fig. 1 

1- Fiber-reinforced Gypsum Core 

2- Fiber-mixed Cement Layer 

3: Boundary Surface between Gypsum Core and Cement Layer 
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